Background. Plasmodium falciparum placental infection primes the fetal immune system and alters infant immunity. Mechanisms leading to these outcomes are not completely understood. We focused on Vγ2Vδ2 cells, which are part of the immune response against many pathogens, including P. falciparum. These unconventional lymphocytes respond directly to small, nonpeptidic antigens, independent of major histocompatibility complex presentation. We wondered whether placental malaria, which may increase fetal exposure to P. falciparum metabolites, triggers a response by neonatal Vγ2Vδ2 lymphocytes that can be a marker for the extent of fetal exposure to malarial antigens.
stimulatory concentrations [12] . Aminobisphosphonates are potent stimulators of adult and neonatal Vγ2Vδ2 lymphocytes [13] [14] [15] .
Activated Vγ2Vδ2 cells produce T-helper type 1 cytokines [16, 17] , promote dendritic cell maturation [18, 19] , mediate antibody-dependent cellular cytotoxicity [20, 21] , and increase natural killer (NK) cell cytotoxicity [22] . Rapid Vγ2Vδ2 lymphocyte responses to infection, which can be sustained by cytokines of myeloid origin, such as interleukin 23 [15] or interleukin 15 (IL-15) [23] , may be critical for disease resistance in infants in whom CD4 + T cells have not fully matured. Neonatal Vγ2Vδ2 lymphocytes are a significant component of immune responses to the tuberculosis vaccine, BCG [13, 24, 25] , that is administered routinely to neonates in sub-Saharan Africa, and damage to this cell subset is likely to impair responses to the vaccine. Several studies showed that Vγ2Vδ2 lymphocytes react to Plasmodium infection. Vγ2Vδ2 cells proliferate in vitro [26] in response to Plasmodium PAg [27] , and they inhibit replication of the blood-stage parasite [28] [29] [30] . Episodes of malaria in adults with no previous exposure are characterized by decreases in the PAg-specific Vγ2Vδ2 lymphocyte count during paroxysm [31] , followed by a sustained expansion during convalescence [32, 33] . Vγ2Vδ2 cells may be most important in early immune responses, during which they express the proinflammatory cytokines interferon γ (IFN-γ) and tumor necrosis factor α (TNF-a) shortly after exposure to P. falciparum-infected erythrocytes [34, 35] , independent of simultaneous CD4 + Tcell activation [34] .
Since the first P. falciparum infection perturbs Vγ2Vδ2 cells in malaria-naive adults, we tested whether prenatal exposure to P. falciparum similarly affects neonatal Vγ2Vδ2 lymphocytes. Damage to neonatal Vγ2Vδ2 cells might decrease infant immunity to malaria and modulate early immune responses to BCG. In a previous study, we compared the Vγ2 repertoire in cord blood specimens from Italy and Nigeria. Nigerian samples had lower levels of PAg-reactive Vγ2 chains [36] ; we hypothesized that environmental exposure (including via maternal P. falciparum infection during pregnancy) might contribute to these differences. The current study compares cord blood samples from neonates born to mothers with or without malaria at delivery and relies on T-cell receptor (TCR) repertoire analysis to detail the composition of cord blood (fetal) Vγ2Vδ2 cell populations.
METHODS

Sample Collection and Cord Blood Mononuclear Cell (CBMC) Isolation
Women were enrolled and provided written informed consent in the maternity division of Hôpital Central de Yaoundé before onset of active labor. The study was approved by the Ethical Committee of the Centre International de Référence Chantal Biya, Yaoundé, and by the Division for Health Operations Research in Cameroon.
Maternal blood (5-8 mL), cord blood, and small fragments of placenta were collected after delivery. Thick blood smears (for maternal blood and cord blood) and impression smears (for placenta) were stained with Giemsa, and parasites were counted against 200 leukocytes. Two technicians in independent laboratories analyzed the smears. Rapid diagnostic test-or polymerase chain reaction (PCR)-based screenings were not performed, because of logistic reasons. Mothers were undergoing intermittent preventive treatment with sulfadoxinepyrimethamine during pregnancy, but the number of doses and timing of treatment varied. Maternal HIV status was known at enrollment (all HIV-positive women were enrolled in the Cameroonian Prevention of Mother to Child Transmission Program) and was confirmed by rapid test (Determine, Abbot).
Cord blood (20-30 mL) was collected soon after uncomplicated, full-term deliveries, using a sterile syringe and transferring the blood quickly into 50-mL collection tubes with anticoagulant. Cord blood was diluted with Roswell Park Memorial Institute (RPMI) 1640 medium and layered over a Ficoll-hypaque density gradient to purify CBMCs. A fraction of CBMCs (8 × 10 6 ) was reserved for cell culture, and 0.5 × 10 7 -1 × 10 7 were lysed for RNA extraction; remaining cells were frozen at a concentration of 1 × 10 7 CBMCs/mL in 90% fetal bovine serum and 10% dimethyl sulfoxide freezing medium.
Cell Culture
Vγ2Vδ2 lymphocytes were expanded in vitro for 16 unexposed and all 15 P. falciparum-exposed neonates. Freshly isolated CBMCs were resuspended at 10 6 cells/mL in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS; Gibco, Life Technologies), 2 mM L-glutamine, and 100 IU/mL penicillin-streptomycin (Lonza). To expand Vγ2Vδ2 lymphocytes, cultures were treated with alendronate sodium trihydrate (Sigma) at 5 μM, in the presence of 100 IU/mL of human recombinant interleukin 2 (IL-2; Tecin, NIH reagent program) or 10 ng/mL of human recombinant IL-15 (Thermo Scientific). Medium with IL-2 or IL-15 and without alendronate was the control condition. Cells were cultured for 14 days at 37°C with 5% CO 2 as described elsewhere [23] . A fraction of the lymphocytes was used to determine Vδ2 cell frequency and phenotype, and 5 × 10 6 cells were lysed for RNA extraction and stored as cell lysates at −20°C.
Flow Cytometry
Ex vivo CBMCs or expanded Vδ2 lymphocytes were resuspended in phosphate-buffered saline (PBS) and 10% FBS and were stained at 4°C with directly conjugated monoclonal antibodies. After 15 minutes, cells were washed with PBS and 10% FBS and were resuspended in PBS and 10% FBS with 1% paraformaldehyde. At least 5 × 10 4 lymphocytes (gated on the basis of forward-and side-scatter profiles) were collected for each sample on a FACSCalibur (BD Biosciences), and results were analyzed with FlowJo software (Tristar).
The following monoclonal antibodies, all purchased from BD/Pharmingen, were used for 4-color staining: anti-Vδ2 (clone B6), anti-Vγ9 (clone B3), anti-CD3 (clone SP34-2 and UCHT1), anti-CD25 (clone M-A251), anti-CD45-RA (clone HI100), anti-NKG2D (clone 1D11), and anti CD56 (clone B159). Anti-CD56 (clone N901) and anti-NKG2A (clone Z199) were purchased from Beckman-Coulter. Anti-CD27 (clone O323) was purchased from eBioscience, and anti-Vδ1 (clone TS8.2) was purchased from Thermo Scientific.
RNA Extraction, Reverse-Transcription PCR, and PCR Total RNA was extracted from 0.5 × 10 7 -1 × 10 7 CBMCs, using the RNeasy mini kit (Qiagen). Total RNA (1 μg) conversion into complementary DNA (using the reverse-transcription system kit, Promega) and PCR were performed as described in the Supplementary Materials.
Runoff Reaction
Primer extension reactions were performed and prepared for loading on a 3130 genetic analyzer (Applied Biosystems) as previously described [23, 37] . Molecular size and relative abundance of extension products were determined using GeneMapper software (Applied Biosystems). To standardize the data irrespective of the runoff primer position, the CDR3 length variation is expressed in terms of the total Vγ2 and Vδ1 coding region lengths.
Cloning and Sequencing of Vγ2 Chains
A library of Vγ2 chain sequences for each specimen were sequenced as described elsewhere [23] and in the Supplementary Materials.
Statistical Analysis
Statistical analyses were performed using the software GraphPad Prism. For each variable, D'Agostino and Pearson omnibus normality tests were performed to assess whether experimental values were normally distributed. Differences between groups were evaluated using t tests or Mann-Whitney tests for normally or nonnormally distributed variables, respectively. Whenever the sample size was too low to perform a test specific for normally distributed data, nonparametric tests were used.
RESULTS
Placental Malaria Increases Central Memory Vγ2Vδ2 T Cells in Cord Blood
Cord blood samples were collected from deliveries to 2 groups of mothers (Table 1) : those who were P. falciparum negative (neonates were unexposed to P. falciparum) and those who were P. falciparum positive (neonates were exposed to P. falciparum); a subset of the P. falciparum-positive mothers had active placental infection at delivery (neonates were exposed to placental malaria). All cord blood specimens were P. falciparum negative by microscopy. All mothers were HIV negative by rapid test for peripheral blood antibodies. To test whether malaria during pregnancy influences fetal Vγ2Vδ2 T cells, we compared γδ T-cell levels and expression of common phenotypic markers in fresh CBMCs among exposed and unexposed neonates. The proportions of Vδ2 + , Vδ1 + , and Vγ2 + T cells in CBMCs were similar across groups ( Figure 1A and Supplementary Figure 1 ). The mean frequencies of Vδ2 + cells (±SD) were comparable to our previous results for specimens collected in Rome, Italy, and in Abidjan, Cote d'Ivoire (0.44% ± 0.29% and 0.47 + 0.3%, respectively). The current groups were also similar in terms of Vδ2 cell phenotype. NK receptors CD56, NKG2A, and NKG2D were present on a small fraction of Vδ2 T cells (usually <10% of Vδ2 lymphocytes for CD56 and NKG2A and <30% for NKG2D; Table 2 ). The frequency of NKG2A + Vδ2 lymphocytes in this study compared well with the frequency of CD94 + Vδ2 T cells that we measured for CBMCs from Abidjan (mean [±SD], 9.1% ± 6.1% and 8.4% ± 5.5%, respectively) [13] . There were no significant differences in cord blood Vδ2 cell expression of memory/naive markers (CD27 and CD45RA) between all P. falciparum-exposed and unexposed neonates. Approximately 40%-45% of Vδ2 cells had a naive phenotype (CD45RA + CD27 + ), 40% had a central memory phenotype
, and a small fraction had effector memory Table 2 ). However, the subset of 8 neonates exposed to placental malaria had significantly higher central memory Vδ2 cells, compared with unexposed neonates ( Figure 1B ). In general, the samples in this study had higher proportions of central memory Vδ2 T cells than the specimens previously collected in Rome (mean [±SD], 25.9% ± 15.6%) and Abidjan (mean [±SD], 16.3% ± 12.2%) [13] .
The IL-2 receptor β chain (CD25) was present on approximately 30% of Vδ2 T cells in unexposed neonates and on a a P. falciparum infection was diagnosed by microscopy by 2 independent laboratories. b Women with placental malaria (8) are a subset of all women with P. falciparum infection (15) larger fraction of Vδ2 cells (40%) in neonates exposed to placental malaria ( Figure 1C ), but the difference did not reach significance ( Table 2 ). The population of CD25 + Vδ2 cells in Vδ2 lymphocytes is shown for unexposed neonates (n=25), all P. falciparum-exposed neonates (n = 15), and neonates exposed to placental malaria only (n = 8). The scatterplots show individual values and means ± SDs for each group of neonates. Differences between means were analyzed by the unpaired t test. C, The fraction of CD25 + Vδ2 lymphocytes is shown for a neonate born to an uninfected mother, a neonate born to a mother with peripheral malaria, and a neonate born to a mother with placental malaria. 
Plasmodium-Exposed Neonates Have a Smaller Fraction of Jγ1.2 + Vγ2 Chains Ex Vivo
The subset of γδ cells most reactive to PAg and pathogens expresses the Vγ2 gene rearranged with the Jγ1.2 segment (also named Vγ9 and JγP in an alternate nomenclature) [38] . Changes in the Vγ2 repertoire are linked to antigen-driven selection [37] . Among healthy adults, the majority of peripheral blood γδ cells express PAg-reactive Vγ2Vδ2 TCR [37, 39] . In cord blood, both the absolute number and frequency of this subset are lower [36, 40, 41] . PAg-specific Vγ2Vδ2 lymphocytes increase in blood after birth [41] because of PAg stimulation and positive selection, leading eventually to the Jγ1.2-biased adult repertoire [39, 41] .
In a previous study, we observed that CBMCs collected in Nigeria had a lower proportion of Jγ1.2 + chains among all Vγ2 + cells, compared with CBMCs from Italy [36] . Even though mothers enrolled in the Nigerian group had not been screened for malaria, these samples were collected during the rainy season, when a high prevalence of Plasmodium infection would be expected, and differences might have been due to environmental factors (ie, maternal malaria) [36] . To test this possibility, we analyzed (by spectratyping) the pattern of Vγ2 chain lengths for control and P. falciparum-exposed neonates in Cameroon. Vγ2 lengths are correlated with J segment use. Among adult Vγ2 lymphocytes, most of the chains between 990-996 nucleotides include the Jγ1.2 segment [37] , and this value (%990-996) is highly correlated with the frequency of Jγ1.2 + chains. Spectratyping was done with 17 unexposed and 10 of all P. falciparum-exposed (6 belonging to the placental malaria subset) CBMC specimens; the %990-996 was significantly lower for exposed neonates (Figure 2) . Importantly, the %990-996 for all P. falciparum-exposed Cameroonian neonates was similar to the %990-996 for Nigerian neonates, while the values for unexposed Cameroonian neonates were comparable to the values for Italian neonates who had no exposure to maternal malaria (Figure 2 ). Thus, fetal exposure to maternal Plasmodium infection seems to alter the neonatal Vγ2 repertoire. We also analyzed length distributions for Vδ1 chains, which do not recognize PAg. We found no differences among the groups of Cameroonian neonates (data not shown), indicating that the Vδ1 repertoire was not affected by maternal malaria.
Placental Malaria Alters the Neonatal Vγ2 Repertoire Responses
To test whether maternal infection affected fetal Vγ2Vδ2 cell responses, we stimulated cord blood Vγ2Vδ2 lymphocytes and evaluated proliferation and phenotype after 14 days. The aminobisphosphonate alendronate (ALN) was used as stimulus, and IL-2 or IL-15 was added to sustain Vγ2Vδ2 cell proliferation. After 14-day stimulations, there were no major differences between unexposed and exposed specimens in terms of phenotype (Supplementary Table 1 ). Proliferation (measured as increased frequencies of Vδ2 lymphocytes among all CD3 + cells) for all P. falciparum-exposed neonates tended to be lower, but the difference between groups was not significant ( Figure 3A) . Since most Vγ2-Jγ1.2 cells respond to PAg, proliferation assays can obscure significant differences in the Vγ2 repertoire, as we discovered for HIV-infected patients [42] . To have the best chance for finding changes in neonatal Vγ2 repertoire associated with maternal disease, we concentrated on neonates exposed to placental malaria.
Starting with CBMCs from 5 unexposed subjects and 4 subjects exposed to placental malaria, we generated for each specimen Vγ2 chain cDNA plasmid libraries representing cells cultured with ALN + IL-2 or ALN + IL-15. We sequenced 150 Vγ2 cDNA clones from each library to obtain a representative sample of the Vγ2 repertoire. For each specimen, we pooled ALN + IL-2 and ALN + IL-15 sequences, because there were no substantial differences between these data sets [23] and pooling improved statistical power.
After ALN stimulation and proliferation, the fraction of Jγ1.2 chains increased in all samples. However, the resulting proportion of Vγ2-Jγ1.2 chains, as a percentage of all Vγ2 sequences ( Figure 3B ), was significantly lower for neonates exposed to placental malaria (P = .016).
The next step was to identify public Vγ2 clonotypes in each set of sequence data. Public Vγ2 clonotypes are identical amino acid sequences found in >1 donor. Both the neonatal and the adult Vγ2-Jγ1.2 + lymphocyte pools are dominated by public Figure 2 . Neonates exposed to Plasmodium falciparum have lower values for the percentage of Vγ2 chains with a length between 990-996 nucleotides (%990-996) than unexposed neonates. Vγ2 chain length distributions for cord blood mononuclear cell specimens were determined by spectratyping. The proportions of Vγ2 chains with a length of 990-996 nucleotides (the most common lengths for Jγ1.2 + chains) were compared for white, Cameroonian unexposed, Cameroonian P. falciparum-exposed, and Nigerian neonates. Box plots show interquartile ranges, medians, and means for each group. Differences between means were analyzed by the unpaired t test.
clonotypes [36, 38, 43, 44] . Table 3 lists the 30 most common public clonotypes in order of abundance (number of repeats for each sequence among all specimens). Tables 4 and 5 show only public clonotypes comprising ≥1% of all Jγ1.2 chains for the unexposed and placental malaria groups; clonotypes are ordered according to their frequency within the Jγ1.2 subset or within the Vγ2 pool. We identified 85 public clonotypes; the most common and abundant were present in both unexposed and placental malaria groups, and their profile was similar but not identical between the 2 groups (data not shown). Seven clonotypes were present in every specimen, and 6 other clonotypes were present in every unexposed sample but were less common in the placental malaria group (Table 3) . For the unexposed group, we identified 67 public Jγ1.2 clonotypes, 14 of which were present in 5 of 5 donors and 12 that each represented ≥1% of total Jγ1.2 + chains (Tables 3-5 ). In the placental malaria group, there were 52 Jγ1.2 public clonotypes, 8 were present in 4 of 4 specimens, and 9 others represented ≥1% of the total Jγ1.2 + chains (Tables 3-5 ).
The fractions of Jγ1.2 sequences identified as public clonotypes were significantly lower for the placental malaria group ( Figure 3C and 3D) . For the unexposed group, the fraction of public Jγ1.2 clonotypes ranged from 65.6% to 78.6% of Jγ1.2 chains and from 52.5% to 70.6% of all Vγ2 sequences. For the placental malaria group, these ranges were from 57.75% to 65.5% and from 32.5% to 51%, respectively.
Within the entire Vγ2 pool, the 2 most abundant public Jγ1.2 clonotypes were the germ-line sequence CALWEV-QELGKKIK and the closely related sequence CALWEV-RELGKKIK (Tables 3-5 ). Both of these important clonotypes were less frequent in the Vγ2 repertoire of neonates exposed to placental malaria, even though differences were not significant. The germ-line nucleotype comprised a mean (±SD) of 13.5% ± 2.9% of all Vγ2 chains in neonates exposed to placental malaria, compared with 21% ± 7.4% in unexposed neonates ( Figure 3E ).
DISCUSSION
In this study, we describe a direct effect of placental malaria on fetal innate immunity. Newborns prenatally exposed to maternal malaria ( peripheral and/or placental) had a lower Figure 3 . Antigen-specific proliferation of cord blood Vδ2 cells is attenuated for all Plasmodium falciparum-exposed neonates, and neonates exposed to placental malaria accumulate lower proportions of phosphoantigen (PAg)-reactive Vγ2 chains. A, The proportions of Vδ2 lymphocytes among CD3 + cells were monitored by flow cytometry 14 days after alendronate stimulation for unexposed neonates, all P. falciparum-exposed neonates, and neonates exposed to placental malaria. B, The fractions of Jγ1.2 + chains among all Vγ2 14 days after alendronate stimulation were determined by sequence analysis for unexposed neonates (n = 5) and neonates exposed to placental malaria (n = 4). At least 200 productively rearranged Vγ2 chains were analyzed for each specimen. The proportions of Jγ1.2 + chains encoding public clonotypes in the Vγ2 pool (C) or in the Jγ1.2 + subset (D) 14 days after alendronate stimulation are shown for unexposed neonates and neonates exposed to placental malaria. E, Proportions of the single most abundant and most common nucleotype (CALWEVQELGKKIK) are shown for unexposed neonates and neonates exposed to placental malaria. Scatterplots show individual values and means ± SD for each group of neonates. Differences between medians were analyzed by the Mann-Whitney U test.
proportion of PAg reactive Vγ2 chains (%990-996) in cord blood when compared to unexposed newborns. Moreover, cord blood Vγ2Vδ2 T cells in neonates exposed to placental malaria were shifted toward a central memory phenotype and had reduced proportions of PAg-reactive Jγ1.2 + clonotypes (especially public sequences) in response to stimulation in vitro. These differences were not observed for neonates born to HIVpositive mothers without malaria (data not shown). The pattern of cell differentiation and effects on public repertoire are consistent with antigen-driven, clonal deletion resulting from strong stimulation during placental malaria. Placental malaria creates a potent source of stimulatory PAg in close proximity to the fetus; these low-molecular-weight compounds may cross the placental barrier, overstimulate Vγ2Vδ2 cells, and deplete highly reactive clones. However, the mechanism and efficiency of PAg transplacental transfer are currently unknown. A similar outcome was observed for European adults upon their initial exposure to P. falciparum infection (ie, traveler's malaria), where potent activation of Vγ2Vδ2 lymphocytes led to transient depletion of Vγ2-Jγ1.2 + cells [31] . In both traveler's malaria and prenatal exposure to placental malaria, reactive Vγ2-Jγ1.2 + cells in P. falciparum-naive individuals may undergo activation-induced cell death. Nevertheless, we cannot exclude that in neonates born to mothers with malaria, the Vγ2-Jγ1.2 + lymphocytes were sequestered in lymphoid organs as a consequence of in utero exposure to PAg and, therefore, were underrepresented in the circulating compartment at birth. Data are total no. of repeats per sequence in the pool of 9 donors analyzed. Clonotypes are aligned in order of decreasing abundance. Bold face indicates that the clonotype is present in every specimen. Italics indicates that the clonotype is present in all specimens within one of the two groups.
Abbreviation: ND, not detected.
Normally, the neonatal Vγ2 repertoire is dominated by public clonotypes that significantly contribute to antigen responses. These clonotypes (in particular, CALWEVQELGKKIK and CALWEVRELGKKIK) persist and remain abundant throughout healthy adult life [38, 43] . Neonates exposed to placental malaria display altered maturation of the Vγ2 repertoire, with reduced expansion of public Jγ1.2 clonotypes in response to stimulation in vitro. This is likely a direct consequence of depletion (or exhaustion) of Vγ2-Jγ1.2 + clones. Altered APC function or suppression of proliferation by plasmodium-specific T regulatory cells may also hamper Vγ2Vδ2 cell responses, but it would not cause a selective defect in the proliferation of public Jγ1.2 + clones. Our study suggests that effects of placental malaria have a strong impact in vivo, by impairing or delaying the peripheral selection of PAg-reactive Vγ2Vδ2 clones. This may have broad consequences since Vγ2Vδ2 cells respond to both P. falciparum and BCG, which is administered routinely to neonates within the first few days of life. Because of antigen-driven depletion, Vγ2Vδ2 cells in neonates exposed to placental malaria may respond less efficiently to BCG vaccine.
There are some important limitations to our present study. During the project period, we enrolled 8 women with placental malaria. Women were only tested for P. falciparum infection at delivery, rather than throughout the course of pregnancy. For malaria cases, we have limited information about disease timing relative to pregnancy and peak parasitemia. Vγ2Vδ2 cells are highly susceptible to activation-induced cell death [45] ; therefore, the duration and intensity of PAg stimulation will influence the outcome of fetal Vγ2Vδ2 T-cell priming. While strong and prolonged prenatal stimulation may induce overactivation and deletion of reactive Vγ2Vδ2 lymphocytes, a mild stimulation caused by low-parasitemia infections or successfully treated maternal malaria might result in appropriate activation of fetal Vγ2Vδ2 cells with potentially protective effects after birth. Results published in 2 studies by Engelmann et al support this hypothesis. CB γδ cells in unexposed Gabonese neonates have limited ability to produce T-helper type 1 cytokines (IFN-γ) and cytotoxic mediators ex vivo or in response to polyclonal stimulation [46] . However, neonates born to mothers successfully treated for malaria during pregnancy have a higher proportion of CB γδ cells producing IFN-γ than neonates born to mothers without malaria, and the fraction of γδ expressing CD25 after polyclonal stimulation is higher in the former group [47] . The time of exposure is also likely to influence the outcome of fetal Vγ2Vδ2 cell priming, and published studies suggest that the Plasmodium infection history during pregnancy is critical in determining the effects on other neonatal innate [48] and adaptive [49] cell subsets. Larger sample size, detailed P. falciparum infection history during pregnancy, and better characterization of pregnancy-associated malaria cases are essential to dissect the potentially diverse effects of maternal malaria on fetal Vγ2Vδ2 cells.
Studies focusing on repertoire perturbations, possibly including activation status (CD25 expression) or differentiation of naive cells to memory, may be important measures of placental malaria if they can be validated in larger studies. In the context of expanding efforts to treat malaria during pregnancy and programs to reintroduce older drugs like chloroquine [50] , quantitative markers of fetal immunity will be valuable to assess drug effects on placental malaria. Our studies also help to understand how maternal infectious disease can alter the fetal immune system. An important challenge in this area is to understand why maternal infection may affect infant immunity to seemingly unrelated pathogens or vaccines [3, 4, 8] . Vγ2Vδ2 lymphocytes, through TCR recognition of PAg from a variety of microbial species, are important for broad pathogen resistance. Defects in this cell population might explain some of the complex relationships between maternal infections, infant susceptibility to infectious diseases, and responses to pediatric BCG vaccination.
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